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Abstract ; Recently we have obtained a complex form for the change in distribution 
function arising due to the passage of acoustic wave through a semiconductor The imaginary part 
of this function has been used for ascertaining the phase relationship between the self-consistent 
field and the acoustoelectric cuitent and ihe^eal part has been utilised for computing the absorption 
coefficient for n-indium antimonide.
Keywords ; Absorption coefficient, indium antimonide, phase mismatch, acoustoelectric 
interaction.
PACS No. : 72.50.+b
1. Introduction
The propagation of acoustic wave through a semiconductor has been discussed from many 
angles. Blotekjaer and Quate [1] have used the coupled mode approach in which one regards 
the acoustic wave as the lattice mode which are coupled piezo-electrically to the space charge 
modes of the electron distribution. In the quantum mechanical treatment [2] the drifting 
carriers are assumed to absorb or emit phonons and the distribution function is calculated 
from the quantum mechanical equation of motion of the density matrix. The current induced 
by the acoustic wave is given by the trace of the product of that part of the density matrix 
which is due to the acoustic wave and the cuitent operator. The current density gives the 
conductivity tensor from which the absorption coefficient is ascertained. Another approach to 
the problem is to calculate the conductivity tensor by using the electron distribution function 
obtained by linearisation of the Boltzmann transport equation [3). In this semiclassical 
treatment, the physically important quantities arising due to the electron phonon interaction 
such as the absoiption coefficient, the change in the velocity of sound and the acoustoclcctric 
field arc obtained by relating them to the components of the conductivity tensor. In the
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phenomenological approach [41. one considers the wave equation, the Poission’s equation, 
the continuity equation, the current density equation and the material equation which on 
introduction of the plane wave space and time dependence gives a complex form for the 
clasuc stifness C\ The acoustic wave velocity S and the attenuation coefficient cx are then 
obtained by
S = R e [ { C ) ' ' ^ \
a  = (Op'^ Im
(1)
(2)
An important physical parameter concerning the interaction of acoustic wave with 
conduction electrons is the phase relationship between the self consistent field E\ and the 
acousiocleclric current J^. This is so because the acoustic power lost to the electron 
distribution is proportional to Jg.E\, Out of the approaches discussed above only Jhe 
phenomenological approach has been reported to yield an expression for this ph^sc 
relationship. In this approach one expresses in the form '
J. =
cr£,
y + j{coloj[)Y
(3)
which yields the phase 0 in the fomi
0 = tan CO
r ^ n )
(4)
Recently, Thakur etal [5] have obtained a complex form for thc-change in distribution 
function arising due to the passage of acoustic wave through a semiconductor. Assuming that 
the imaginary part of the distribution function corresponds to the different phases of the 
incoming acoustic wave and the resulting interaction, the phase relationship between the self 
consistent field E\ and the acoustoclectric current 7^ has been ascertained. The real part of the 
distribution function has been utilised to compute the absorption coefficient for n-indium 
antimonide.
2. The distribution function
When an acoustic wave propagates through a semiconductor, it perturbs the distribution 
function of the carrier electrons. Assuming that the perturbation is small, one can make use of 
the transport equation for obtaining an expression for the change in distribution function 
corresponding to the acoustic wave interaction with the carrier electrons. The dominant 
scattering processes arc clastic and the scattering time does not depend on electric and 
magnetic fields. So one can make use of the relaxation lime approximation for linearising the 
transport equation. Further, the acoustic wave is periodic in space and time. So the change in
distribution function must also be a similar function of space and tim6. These assumptions 
have enabled Thakur etal [5] to express the change in distribution function in the form
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where v\(= i ) ‘' the collision frequency, co is the frequency of the incoming acoustic
wave, /o is the equilibrium distribution function, aiqis the carrier concentration in the absence 
of the acoustic wave and the external fields, Wj is the change in carrier concentration induced 
by the propagating acoustic wave, is the Boltzmann constant, VT is the temperature 
gradient, p is the density of the material used, c (It) is the energy of the carrier in state it, Eq is 
the externa! d.c. field, T is the temperature of the semiconductor, is the effective electric 
field, e IS the electronic char ge and is the velocity of the carrier in state k.
In the absence of temperature gradient, VT will be zero. Further, under the
Bfassumption of small perturbation, the term - —1- will be negligibly small. Under such a
Be
siiLialion, the change in distribution function will be given by
/i = 2 2 V +CO eff -I- !li Zq.T n,,
ctf
+ li. h
T
(6)
The imaginary part of this equation corresponds to the different .phases of the incoming 
acoustic wave and the resulting interaction whereas the real part contributes to the current
density.
3. Phase relationship
The phase angle 0 between the acoustoelectric currcnt7<. and the acoustoelcctric field E\ is 
the ratio of the imaginary and the real part of the distribution function. Equation (6), 
therefore, yields
0 = tan-‘f z £ (7)
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For v »  0), the current density and the acoustoelectric Held are almost exaaly in phase. As tp 
is increased, the acute angle between the current density and the acoustoelectric field increases 
which leads to reduction in the acoustic loss. Scattering of the carriers, therefore, plays an 
important role in acoustic absorption. Thus apart from other effects, the phase mismatch may 
be one of the factors in limiting the linear gain of an acoustoelectric amplifier. It is well 
known that the linear gain of this device is limited because of the several nonlinear effects 
such as high field acoustoelectric domain [6,7], current saturation[8,9], harmonic generation 
[101 and parametric down conversion of acoustic power to subharmonic frequencies [11,12]. 
However, it has not been realised that in addition to these effects the different phases of the 
incoming acoustic wave and the resulting interaction also contribute to the limitation of the 
linear gain.
4. Absorption coefficient
The absorplion coefficient is the ratio of the average power transferred from the acoustic wqve
to the electrons per unit volume and the incident energy flux. This may, therefore, |be 
expressed as
a  = W
{\l2jp<o^~\^fs
(8)
where W is the power transferred from the acoustic wave to the conduction electrons per unit 
volume and |^| is the magnitude of the ionic displacement caused by the acoustic wave.
Since the power transferred between the electrons and the wave is the scalar product of 
force acting on the electrons and the velocity produced by the wave, we have
W = -  /f, F V 
2 '
Further, since the acoustoelectric current density is
(9)
y, = -  ~  F, ( 10)
and the self-consistent longitudinal force is
F == -£iL-
1 -  AKOHiO))' ( H )
we have
W =
I + 167T^  / co^
■a (12)
where q is the wave number and P is the piezoelectric coefficient. Therefore, the absorption 
coefficient is given by
For piezoelectric crystals such as tn Sb, the force is
F: ^eqp^ (13)
a
In order to obtain an expression for a, wc write the current density in the form
J. =
1
4;r^ I I
dE,
and substitute the real part of /i from cq. (6) which yields 
a  = V
(15)
(16)m* +
where kp is the Fermi wave vector and m* is the carrier effective mass.
The collision frequency corre.sponding to the scattering from acoustic phonons has 
been obtained from [13]
w In tH*
Figure 1. Frequency dependence of the absorption coefficient for n-indium anumonoic.
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V2 (w* k j f  (  E,
V =
l^/2
n t*  C
(17)
where C is the defonnation potential constant and Ep is the Fenni energy.
Absorption coefficient for n-lnSb obtained from eq. (14) has been shown in 
Figure 1. The parameters [14] used in the calculation have been taken to be hq = 3 ^  lO** 
cm’^ , P = 2.078 X lO^esu/cm^ p = 5.8 gm/cc, S = 4.0 x 10^  cm/sec, C = 7.2 x 10"'^ erg, 
C  = 0.672 X 10 dyne cm-2 and T = 300 K.
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